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Disclaimer

The views expressed in this presentation are those of the
authors and do not necessarily reflect the views or policies
of any participating government organization.
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Core Objectives

e To implement and evaluate a 3-tiered workflow that comprises of
multiple NAMs (including a Tier 1 battery of in vitro tests, OMICS,
BMD to derive PODs, HTTK, IVIVE) to screen, prioritise and, where

needed, more deeply risk assess chemicals (including 5-day in vivo
Tier 2 tests)...

» .. in order to assess whether NAMs can provide a conservative in
vivo point of departure / LOAEL for regulatory risk assessment,
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Other Objectives

+« To demonstrate this approach for data poor industrial chemicals.
» To assess chemicals in an international context.

+ Confidence building in application of NAMs for hazard characterisation.
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Tiered Testing Framework {(excluding triggers)

Tier 2 (if required): 5-day in Tier 3: [H reguired): mare
vivo study  traditional in vivo study,

. depending on hazard profile
Novel i vive assavs using multh ;

OMICS and BMD NAM-enhanced Test Guidelines (e g

90-doyv RDT with multbOMICS)
27 substances (3040 anticipated) %

P2 substances

Outcomes: :
1 Quantiterve lnvivo POD HOARLE | Qutcomies:
based on nialecular gete 1 Guantitative i wivo POD (LOBELY
2. nsights into hazard profile | 2. Hazard profile {CVIR, ED, neure, |
. immuno, ) _
[ e | Current regulatory acceptance
e | Time and cost
— Number of substances
[ — | Mechanistic evidence of toxicity
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Tiered Testing Framework

Tier 2 (if reguired): 5-day in %Tier 3: lif required): mare
vivo study  traditional in vivo study,
_depending on hazard profile

Novel i vive assavs using multh

OMICS and BMD NAM-enhanced Test Guidelines (e g

90-doyv RDT with multbOMICS)
27 substances (3040 anticipated) %

P2 substances

Dutcomes: ;

1. Quantitative in vivo POD (LOAEL} | Outcomes:
based on molecular data 1 Quuantitative in vivo POD (LOAEL)

2. nsights into hazard profile 2. Hazard profile (ICMR ED, neuro,

immuno. )

ED_006472_00007939-00007



¢ Substance selection
(3 2017 - Q3 2018 {finished)

e Tier 1 in vitro testing & in silico modelling

e Tiers 2 and 3 in vivo testing
Q3 2019 - Q4 2020 2021 {preparatory work is ongoing)

» Analysis of the results & communication
Q1 2019 - Q4 2021 {on-going)
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HURGREAN CHEMICALS KGEMTY

Substance selection

+ Scenario 1: substance present on the EU and/or Canada and/or US market,
with a potential for consumer use and significant data gaps for systemic
toxicity (105).

» Scenario 2: substance present on the EU and/or Canada and/or US market,
with known toxicity or with the potential to exhibit different toxicity levels
across different spacies (8).

+ Scenario 3: substances selected from APCRA retrospective study (88).

Scenario 3 substances were selected from the following groups:
s with POD,, estimates that are less conservative than POD,_4iicnal
e with POD_ ., estimates close to POD, . 4iional
» with an overly conservative POD,,, estimate.
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BuURGrEAN

Tier 1 Battery of Assays / Models

Hazard Toxicokinetics

Exposure

EPA HTTr Assay (2 — 3 cell types)
EPA HTPP Assay {2 — 3 cell types})

EPA ImmunoTox Assay (Bioseek)
EPA Neurotox Assay (MEA acute)
EPA DevTox Assay (Stemina}

EPA ToxCast Assays

EPA/HC/IRC Metabolic Stability
EPA/HC/IRC Plasma Protein
Binding
EPA/HC Caco-2 Bicavailability

A*STAR HIPPTox Assay

EPA ER Assays/Models
EPA AR Assays/Models

N/

EPA ExpoCast Exposure Model
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Tier 1 NAM Data Available (2018}

BuURGrEAN
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201 Selected

E®
Chemicals @W@ % < '
(by APCRA Bras2 M i
partners} ' \\X\\\‘\\\\‘\\% v° péD
[Received 199 HepG2
chemicals, 100% . . o
Done Single-concentration &
Nov ZOiS] Cell Viability Check

[100% Done, June 2019]

Preliminary findings on single-concentration tesis:

Strangly inhibitive
% vishility}
s

Pro-proliferative

Weslkly inhibitive
0% viability}
S

hoderataly inhibitive
% viability)
AT,

*  ~73% (145} of the compounds are moderately or strongly inhibitive in at least one cell model
* Interestingly, ¥23% (46} of the chemicals are pro-proliferative in at least one cell model

MAM Data Available from AXSTAR, Singapore (2019}

ToxCast PODs

Final
in vitro POD
derivation

Selection of
chemicals for
higher tier in vive
tests
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Tier 1 in vitro NAM data generation efforts {(2019)

ImimiinGroxicy ot mmstion)

Develapmental toxicity

Acpremeiistoxinty

High-throtghput pt ic profiling

Highithrolghpiitraisca o mics

HITK

Caeaz hidevailability

BigsEak teih Holck)

Steming (Tom Knudsen)

WMitrosletirode arrays withiprimary deufons{Tim Shatery

NCET {Josh Harrilk and Johanna Nyffeler)
AFSTAR

NCET {oshi Hamiland JohannaNyifeler

IRC (Thomas Cole)
HE {Marc Beal)
NCCT {Barbara Wetmore and John Wambatigh)

NecT:fobiveimbaah)

&

3

“

»

.

b3

3

s

P

Chemicalste bie received ot Bisseek Sept 201G,
Dataretiirhed for pigeliningwithin sbbutdmonthsiof
receipt

Chamicals to bereceivad at Stemina Sept 2019;
Single i he Dec 2019
Multi-conc screeningin 2020;

Pataipensiatadiandito biisharad e piaeliningiio dic
Dew 2019

NECT: Complete for U-2 05 calls:

NCCT: Second cell type anticipated to be screenedin
2020

AFSTARIBEAS: 2B HK2, HepG2 by Dec 2019:

Complete forMOR7 calls) data analysis insprotess)
Cofraleie soreening bor Ui 08 inTaie 2019

Coriplste seraaning fol HepaRG:2D inlate 2019;

JRC contractwas successful for mostof the (750}
chemicalsion their list; awaiting contractor report and
then NCCT to processintothe httk database/R package
HE contract succassfulfor the 37 plannedsubistances
dats to be shared soon

NCCT outof 7remaining chéniicals; 4 are schediled to
betested by Barbara in late 2019/early 2020:

QsARmpHel dita edbacrddionon

..« by end of Q2 2020
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Tier 2 in vivo testing: S-day OMICS study

e NTP is currently demonstrating the use of short-term, 5-day in vivo
assays which use transcriptomics as an alternative data stream for
understanding hazard.

» Represents a bridge (requiring fewer animals) between HT in vitro assays
(Tier 1) and traditional apical endpoints (Tier 3).

» Maybe able provide a rapid estimate of POD for traditional apical
endpoints, and provide a broad screen of interpretable binlogical activity
of test chemicals.
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Thomas et al. study showed that...

¢ The lowest transcriptional BMDs in specific target tissues (bladder, liver, and
thyroid) correlated well with the lowest non-cancer apical BMDs in the same
target tissues after 5 days of exposure in rats.

NTP’s current study...

e Evaluates whether the lowest transcriptional BMDs in liver and kidney (as
‘sentinel’ tissues) after 5 days of exposure in male rats correlate with the
lowest apical BMDs in male and female rats and mice from long-term
(chronic or sub-chronic) toxicity studies.
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kY 5 g 2 =
NTP “Tier 27 in vivo 7-day test
Female rat Female mice
[=} 10000 o 10000
= ¢ BODCA & THU = ® BDCA + PUL
H @
5 5 1o ® ACR % DET1 < g 1o % ACR ® TCPP
s a [
o 5 100 o cou 2 TCAB T = 100 B cou ® DE71
e s
5o e + PUL A DEWP Se 10 A DEHP & TCAB
s e s e
%= ¥V EEZ ® HCB o= % WMET ® TBEPA
E < 4 £ = 1
. g ® TCPP @ MTE . g
M o1 % MET X TBBPA H o1
H H
= 6.9 - 0.01
6.01 6.1 1 a0 106 qeee 0.61 0.1 i 10 160 1000
Lowest median (0 BP)BMD Lowest median (GO BP) BMD
(liver or kidney}) (liver or kidney)
Male mice All sex and species
o 10000 a 10000 ¢ BDCA(FR) + PUL(FR)
H ¢ BpoA + PUL z 1000 e ACR(FR) e THU{MR)
2 - 1000 _ -
g B OACRE ToPR 3% O COU(MR) o FEN(MR)
E B cov = pET! gg M0 & DEHP(MR) = TCPP{MM)
Fg 4 DEHP ¢ TCAB Eg 10 v EE2(MR) ¢ DE71(MR)
= s - - k-1
;g 5 MET X TBBPA gg 1 & FUR(MR) » TCAB(MM)
R TE g4 % MET(FM) ¢ HCB(FR)
@ - 3 5
z g + PFOA(MR) ® MTE (FR)
i} 0.01F or o r o ” e 0.01- u r ooy ad J A
0.01 0.1 1 10 100 1000 0.01 0.4 1 10 100 1000 *®  TBBPA (MM)
Lowest median (G0 BP)BMD Lowest median (GO BP) BMD
{liver or kidney) {tiver or kidney)
John Bucher, Mike DeVito, &t al,

Not all of the chemicals were tested in mice or female rats
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Tier 2: Conclusions

» (Multi-)YOMICS in a 5-day in vivo model may be useful to prioritize
chemicals for further testing while providing actionable data to
regulatory agencies in a timely and cost-effective manner.

= In this approach, NTP are estimating apical (histopathologic)
BMi¥s; not predicting specific apical toxicities.

MOE = POD/predicted or estimated dose of human exposure
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Tiered Testing Framework

Tier 2 (if reguired): 5-day in %Tier 3: lif required): mare
vivo study  traditional in vivo study,
_depending on hazard profile

Novel i vive assavs using multh

OMICS and BMD NAM-enhanced Test Guidelines (e g

90-doyv RDT with multbOMICS)
27 substances (3040 anticipated) %

P2 substances

Dutcomes: ;

1. Quantitative in vivo POD (LOAEL} | Outcomes:
based on molecular data 1 Quuantitative in vivo POD (LOAEL)

2. nsights into hazard profile 2. Hazard profile (ICMR ED, neuro,

immuno. )
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Fast Tracking —~ "Early selection”™ of Candidates for Tier 2
Testing

s Fast tracking due to informative results from NTP’s 5-day in vivo studies, and
to begin to evaluate this Tier 2 testing in the APCRA Prospective study before
completion of Tier 1 testing.

s Selection focused on:
« BER < 10,000 (or, log,BER < 4)
« Data-poor substance (lack of 90-day study)
* Evidence for in vitro bioactivity

* Planned hazard flags: endocrine activity; developmental toxicity; acute
neurotoxicity; inflammation/immune response
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Conclusions

« Objectives and tiered testing framework for Prospective Study have been
revisited and updated.

s Generation of extensive Tier 1 datasets progressing well, international
effort!!

¢ 5-day in vivo OMICS studies are estimating apical (histopathologic) BMDs
well, this new test design represents an excellent choice for Tier 2 testing.

e Proposal to fast-track substances to Tier 2 is helping to define the triggers
from Tiers 1 to 2.
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